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2ABSTRACT
This report describes three different methods i.e. Quartiles, Deciles and a Standard
Precipitation Index (SPI) of quantifying rainfall variability. The quartile and decile
methods divide the data sets into discrete intervals and therefore describe rainfall
variability as step functions. However, SPI is based on continuous statistical functions
and therefore can describe rainfall variability on a continuous basis. Due to the
development of shallow watertable conditions in the irrigation areas smaller variations
from the average rainfall conditions can be responsible for dramatic fluctuations in the
watertables. Therefore the continuous SPI method can provide a better way of
quantifying rainfall variability and correlating it with changes of shallow watertables.
The rainfall variability in the three irrigation areas in the south eastern NSW i.e.
Murrumbidgee, Coleambally and the Murray irrigation areas has been quantified using
the quartile, decile and the SPI methods. The shallow piezometric level fluctuations in
the Murrumbidgee Irrigation Area (MIA) show a very strong correlation with winter rainfall
variation. The shallow piezometric levels in the Coleambally Irrigation Area (CIA) show a
lesser degree of correlation with the SPI due to local and regional groundwater dynamics
and changes in rice water use. The piezometric levels in the Murray Valley show least
correlation with the SPI, which may be attributed to lower impacts of management
practices and complex nature of the groundwater recharge and discharge zones in this
area.
The SPI method provides an excellent opportunity for year to year reporting of seasonal
and yearly climatic variability. Its correlation with piezometric levels can be adopted for
environmental reporting and used as a method of distinguishing between climatic and
management impacts on watertables. Differences in piezometric response in years with
similar winter and yearly SPI values may be caused by changes in management
practices.
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71. INTRODUCTION
Rainfall is one of the main factors affecting the sustainability of irrigation areas in terms
of dictating the need for irrigation to grow crops and determining the drainage
requirements needed to avoid shallow watertable conditions and secondary soil
salinisation. The variability of rainfall in the upper catchments of rivers determines the
water available in storage reservoirs that can be used for irrigation to meet crop water
use requirements. In irrigation regions the volume of rainfall over and above the crop
water requirements and soil storage capacity enters the groundwater and contributes to
rising watertables and secondary salinisation.
The role of rainfall as a resource in crop production has been an area of interest for
many researchers studying the major droughts in Australia such as the 1964-66 drought
(Foley 1957, Gibbs and Maher, 1967, Smith et al. 1993 and White and O’Meagher,
1995). While the effects of rainfall scarcity and drought are dramatic and immediately
obvious the effects of the over supply of rainfall are much less noticeable except in
extreme cases even then the effects can often go unnoticed for many years. Concerns
about the contribution of rainfall in the development of shallow watertable conditions
arose in the early 1930’s with the introduction of irrigation in the Riverine Plain. During
the winter of 1931, major waterlogging problems appeared on the horticultural farms of
the Murrumbidgee Irrigation Area when 92 mm rainfall fell during June (Butler, 1971) and
the perched watertables rose to the ground surface in many places. Later investigations
showed the presence of ‘blue’ clay layers at 3m depth, which allow very slow vertical
drainage. This fact combined with overall shallow piezometric levels rendered areas of
the Riverine Plain at high risk of waterlogging and salinisation if winter rainfalls were
much above the average conditions.
Recent research in the conceptualisation and implementation of Land and Water
Management Plans in irrigation areas demanded a clearer understanding of rainfall
variability and its impact on waterlogging and salinity problems. There is a need to
differentiate and quantify the influence of rainfall on watertables from the management
impacts, to ascertain the adequacy and efficacy of Land and Water Management Plan
actions. We need to understand whether reductions in shallow watertable areas are a
result of dry climatic conditions or improved land and water management practices or
both.
In order to understand the impact of rainfall on watertables it is necessary to understand
its seasonal variability. This report describes details of two commonly used discrete
band statistical methods for identifying rainfall variability in Australia i.e. decile and
8quartile band methods. Details of a continuous rainfall variability function known as the
Standard Precipitation Index (SPI) formulated by Tom McKee et al at Colorado State
University (1993) is also described and compared with watertable fluctuations in the
Coleambally, Murrumbidgee and Murray Irrigation areas (Fig-1a).
Figure 1a: Location of Irrigation Areas in NSW. Irrigated areas marked in blue
hatching.
92. METHODS FOR QUANTIFYING RAINFALL VARIABILITY
Several statistical methods for assessing rainfall variability have traditionally been used
by meteorologists and hydrologists in Australia e.g. manipulation of data to determine
percent of normal (Willeke et al. 1994), deciles and quartiles. This section provides
details of these statistical methods as well as giving an insight into a recently developed
Standard Precipitation Index.
2.1. DECILE ANALYSIS
The method of rainfall deciles or percentile analysis was developed by Gibbs and Maher,
(1967) as a drought indicator that could be applied to Australian climatic records. This
method consists of ranking the annual rainfall data in an ascending or descending order
and dividing it into 10 ranges. The degree of wetness or dryness associated with each
decile range is prescribed as in Table-1 (Gibbs and Maher, 1967). Due to its simplicity
the decile technique is the most commonly used method of assessing rainfall variability
in Australia by organizations such as the Australian Bureau of Meteorology and
Australian Drought Watch System.
This method has been selected by the Australian Drought Watch System, as the
meteorological measurement of drought because of it is relatively simple to calculate,
and requires less data and fewer assumptions than the other methods (Smith et al.
1993). In this case the main purpose of the decile method is to act as an indicator of the
eligibility for drought assistance as shown in Table-1. For example according to the
drought classification system, farmers can only request government assistance if the
drought is shown to be an event that occurs only once in 20-25 years (deciles 1 and 2
over a 100-year record) and has lasted longer than 12 months (White and O'Meagher
1995).
The main drawback of using rainfall deciles is that accurate calculations require a long
climatic data record (100-years). Also, deciles cannot assess the severity of a drought,
the analysis can only distinguish between high and low rainfall values, the relative
dryness of a particular period cannot be implicitly assessed as a continuous function.
The results for the decile analysis on the Griffith, Coleambally and Finely rainfall records
are given in section 3.
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Table 1: Definitions of Decile bands that result from a Decile analysis
DEFINITION OF DECILE BANDS
Decile Range 1 Very much below "average"
Decile Range 2 Much below "average"
Decile Range 3 Below "average"
Decile Range 4 Slightly below "average"
Decile Range 5 & 6 "Average"
Decile Range 7 Slightly above "average"
Decile Range 8 Above "average"
Decile Range 9 Much above "average"
Decile Range 10 Very much above "average"
Source: Gibbs, W.J. and Maher, J.V. (1967)
2.2. QUARTILE ANALYSIS
The quartile method is very similar to the decile analysis, however, it is not commonly
used. According to this method (Edwards 1979) the annual rainfall data is ranked (lowest
to highest) and divided into four 25% bands. The 1st and 4th quartiles are below average
and above average, respectively, while the 2nd and 3rd quartiles are classed as average
(see Table 2 for quartile definitions for weather severity).
In this study, quartile analyses were conducted on rainfall records for Finley,
Coleambally and Griffith. Rainfall records for Griffith and Finley used in the analysis were
1900 to 1998, while the Coleambally analysis used records from 1920 to 1999.
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Table 2: Definitions of quartile values and quartile analysis results.
QUARTILE VALUES
0 Minimum
< 1st Below Average
2nd Median
1st to 3rd Average
> 3rd Above Average
4th Maximum
Source: Edwards (1979)
2.3. STANDARD PRECIPITATION INDEX
This is a state of the art method for assessing climatic variability developed by Tom
McKee, et al. at Colorado State University (1993). SPI is based on statistical techniques,
which can quantify the degree of wetness by comparing 3, 6, 12 or 24-monthly rainfall
totals with the historical rainfall data from the same periods. For example, a 6 monthly
SPI for August 1999 will compare the March 1999 to August 1999 rainfall totals with
historic totals for the March to August period.
Computation of the SPI involves fitting a gamma probability density function to a given
frequency distribution of precipitation totals for a station. The cumulative probability is
then used to fit the gamma function to a standard normal distribution, with a mean of 0
and variance of 1. This results in normal distribution values between –3 to 3 as the
values of the SPI. Negative SPI values indicate dryer weather while the positive values
indicate wetter periods. Definitions of the degree of wetness or dryness of weather on
the basis of SPI values are shown in Table 3.
Gamma distribution is defined by its frequency or probability density function in
Equation-1.
( )
( )
ba
a ab
/11 xexxg --
G
=   For 0>x (1)
Where:
0>a where a  is a shape parameter (2)
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0>b b  is a scale parameter (3)
0>x x  is the precipitation amount (4)
( ) dyey y-
¥
-ò=G
0
1aa Ã(a) is the gamma function (5)
Table 3: Definitions of SPI values
SPI VALUES
2 + Extremely Wet
1.5 to 1.99 Very Wet
1.0 to 1.49 Moderately Wet
-0.9 to 0.9 Near Normal
-1.0 to -1.49 Moderately Dry
-1.5 to -1.99 Severely Dry
-2 and less Extremely Dry
Parameters a and b are optimally estimated using the maximum likelihood solutions as
given in equations 6 to 8.
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The cumulative probability of rainfall totals is given by:
( ) ( )
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By substituting bˆ/xt = , this equation becomes the incomplete gamma function:
( ) ( ) ò
--
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x
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0
11ˆ
ˆ
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a
(10)
Since the gamma function is undefined for 0=x and a precipitation distribution may
contain zeros, the cumulative probability becomes:
( ) ( ) ( )xGqqxH -+= 1 (11)
Where q is the probability of a zero monthly rainfall.
The cumulative probability, H ( )x , is then transformed to the standard normal random
variable Z  with mean of zero and variance of one using approximations such as
Abramowitz and Stegun (1965) and is termed as Standard Precipitation Index “SPI”.
Advantages of Using SPI
This index is independent of the location and amount of rainfall. SPI is based on a
continuous function of rainfall variability varying from +3 to –3 which makes it possible to
compare degree of dryness or wetness of rainfall for different locations. SPI can be used
to compare rainfall totals for a given period of time with other periods throughout the
historic record. It also enables assessing the probability of occurrence of the same
rainfall totals for different lengths of time.
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3. ANALYSIS OF RAINFALL VARIABILITY WITH DIFFERENT
METHODS
3.1 DESCRIPTION OF DATA SETS
Rainfall records were obtained for each of the locations listed below. The rainfall
variability at each of the rain gauge locations in the Murray (Fig-1b), Murrumbidgee and
Coleambally irrigation areas were determined using the percent normal, deciles,
quartiles and SPI methods.
Murray Irrigation Area
q Deniliquin (August 1983 to July 2000 data)
q Finely (January 1900 to July 2000 data)
q Moulamein (August 1983 to July 2000 data)
Murrumbidgee Irrigation Area
q Griffith (January 1900 to April 2000 data)
Coleambally Irrigation Area
q Coleambally (January 1920 to December 1999 data)
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Figure 1b: Location of Murray Irrigation districts used in the precipitation analysis;
Deniboota, Denimein, Wakool and Berriquin.
3.2. RESULTS OF DECILE METHOD
Fig-2 shows the monthly decile values for Griffith derived from monthly rainfall values
from January 1900 to April 2000. The 9th and 10th decile values show that maximum
rainfall of around 200 mm can occur individually in the months of March and April. In
general the higher decile values show that winter months (March to August) can be wet
as compared with the summer rainfall months (September to February).
Fig-3 shows annual from 1900 to 2000 rainfall totals compared with annual deciles. The
periods with total annual rainfall below the 2nd decile are considered to be drought years
(much below average). Rainfall totals greater than the 8th decile are much above normal
rainfall years. It appears that only two years 1994 and 1995 have annual rainfall totals
above the 8th decile in the past ten years while other years fall within or below the 2nd
and the 8th deciles which indicates the last ten years have relatively dry or close to
normal rainfall years. The 1930’s, 1950’s and 1970’s show a number of wet years.
The long term dry and wet rainfall sequences are determined using the 24 monthly
16
decile values and comparing them with the 24 monthly rainfall totals as shown in Fig-4.
This analysis also confirms that last 10 years are relatively dry whereas 1950’s and
1970’s were quite wet.
While it is possible to assess whether a particular rainfall period is above or below
certain decile values, using the decile method, it is not possible to precisely discriminate
degree of wetness of two events, which are above a certain decile by different
magnitudes.
Further decile results of Griffith, Coleambally and Finely rainfall data are given in
Appendix-1.
Monthly Deciles for Griffith from January 1900 to April 2000
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Figure 2: Decile values for monthly Griffith rainfall. Showing deciles from 0 to 10.
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Annual Rainfall and Decile Values for Griffith
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Figure 3: 12-month Deciles for Griffith.
Two Year Rainfall Totals for Griffith Compared with Two Year Decile 
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Figure 4: 24-month Deciles for Griffith.
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3.3. RESULTS OF QUARTILE METHOD
Fig-5 shows the quartile values derived from the Griffith rainfall data. A comparison with
Fig-1 shows that quartile analysis tends to hide the rainfall variability and is therefore not
a suitable index for understanding the extremely wet or dry rainfall patterns. Detailed
results for the quartile method for the Griffith, Coleambally and Finely rainfall data are
given in Appendix-2.
Monthly Quartiles for Griffith from January 1900 to April 2000. 
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5% 25% 50% 75% 95% Mean
Figure 5: Monthly Quartile values for Griffith, also showing 5%, 95% and mean rainfall
totals for each month.
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3.4. RAINFALL VARIABILITY USING STANDARD PRECIPITATION INDEX
METHOD
A computer program has been written to compute 3, 6, 12 and 24 monthly SPI for
Griffith, Coleambally and Finely rainfall data. Some results are described in the following
sections while other analysis is provided in Appendix-3.
3.4.1 LONG TERM WINTER RAINFALL VARIABILITY USING SPI
The six monthly September SPI values comparing April-September rainfall totals for the
1900 to 1999 rainfall data for Griffith, 1920-1999 data for the Coleambally and 1900 to
1999 data for the Finely rainfall stations is given in Figs. 6 to 9. The results indicate that
winter rainfalls during the 1930’s, 50’s, 70’s and 80’s show higher SPI’s indicating above
average to very wet rainfall conditions. Whereas the rainfall data for the 1990's show
below average to very dry rainfall conditions.
6 Monthly September SPI Values for Griffith from 1900-1999
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Time
Figure 6: 6 monthly September SPI for Griffith
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Coleambally Rainfall Analysis of 6 Monthly SPI Values for September 1920-1999
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Figure 7: 6 monthly September SPI for Coleambally
6 Monthly, September SPI Values For Finley from 1900-1999
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Figure 8: 6 monthly September SPI for Finely
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SPI Values for the "1914 Drought". 
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Figure 9: Griffith SPI values for the 1914 drought, from January 1912 to December
1916.
Identification of 1910’s dry period using the SPI
Results of 3, 6, 12 and 24 monthly SPI analysis (Fig-9) show the drought beginning at
different times depending on the time scale used in the analysis.
· 3-Monthly SPI: Driest period occurs between July 1914 and June 1915. The
Minimum SPI value (-3) occurs in September 1914. Other dry periods occur
between:
March 1912 – August 1912
September 1913 – March 1914
March 1916 – June 1916
· 6-Monthly SPI: Driest period occurs between December 1913 and September
1915. The Minimum SPI value is –2.73 and it occurs in October 1914. Other
dry periods occur between:
May 1912 – November 1912
April 1916 – August 1916
· 12-Monthly SPI: Driest period occurred between May 1914 and August 1916.
The Minimum SPI value occurred in April 1915 and was –2.77
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Another dry period occurred between May 1912 – March 1913
· 24-Monthly SPI: Dry period occurred between September 1914 and
November 1916. The Minimum SPI value was –2.55 on June 1915.
In general SPI results show good correlation between know years of drought in the
irrigation areas. SPI results for Griffith during the period of the 1914 drought showed
some variability between the various time steps used in the analysis. It appears that from
these results the best indicator of drought conditions is the 24-monthly SPI.
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4.0 CORRELATION BETWEEN RAINFALL VARIABILITY AND
SHALLOW WATERTABLE FLUCTUATIONS
The continuous nature of SPI is suitable for comparison with the shallow piezometric
(derived from continuous data sets) level changes in the Murrumbidgee, Coleambally
and Murray Irrigation areas.
4.1. PIEZOMETRIC FLUCTUATIONS IN THE MURRUMBIDGEE IRRIGATION
AREA
Griffith Area
· Fig-10 shows shallow piezometric (0-15 m deep, 505 data points) changes with
winter SPI (six monthly April to September SPI) and annual (12 monthly October to
September) for the 1996 to 1999 period in the Griffith region. The results indicate
changes in SPI value are related with corresponding changes in the shallow
piezometric levels.
· Fig-11 shows that there is a very high linear correlation (R2 =0.91) between the
winter rainfall SPI and shallow piezometric levels (0-2m depth) (156 continuous data
points) changes in Griffith area. Similar conclusions are drawn for 2 to 5 m (Fig-12)
(102 continuous data points) (R2 =0.88) and 5 to 10 m(Fig-13) (R2 =0.89) deep
piezometers (72 continuous data points).
Leeton Area
· Fig-14a shows the shallow piezometric (0-15 m deep, 422 data points) changes with
winter SPI (six monthly March to August SPI) and annual (12 monthly July to August)
for the 1996 to 1999 period in the Leeton region. The results indicate that similar to
the Griffith area changes in SPI value are related with corresponding changes in the
shallow piezometric levels.
· Fig-14b shows that there is a very high linear correlation (R2 =0.83) between the
winter rainfall SPI and shallow piezometric levels (0-2m depth) (207 continuous data
points) changes in the Leeton area. Similar conclusions are drawn for 2 to 5 m
piezometers levels (Fig-15) (178 continuous data points) (R2 =0.86). The 5 to 10 m
deep piezometers levels (Fig-16) show a lower degree of correlation (R2 =0.39) (27
continuous data points).
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Figure 10: Comparison of average change in September piezometer levels in Griffith
and 6-monthly and 12-monthly August SPI for Griffith.
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Figure 11: Correlation between average change in September piezometer levels
between 0 and 2 metres in Griffith and 6-monthly August SPI for Griffith.
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Figure 12: Correlation between average change in September piezometer levels
between 2 and 5 metres in Griffith and 6-monthly August SPI for Griffith.
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Figure 13: Correlation between average change in September piezometer levels
between 5 and 10 metres in Griffith and 6-monthly August SPI for Griffith.
26
-1.5
-1
-0.5
0
0.5
1
1.5
1996 1997 1998 1999
Year
-1
-0.8
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
0.8
1
6 month 12 month Average Piezomter Change 
Figure 14a: Correlation between average Change in September piezometer levels in
Leeton and 6-monthly August SPI for Griffith.
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Figure 14b: Correlation between average change in September  piezometer levels
between 0 and 2 metres around Leeton and 6-monthly August SPI
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Figure 15: Correlation between average change in September piezometer levels
between 2 and 5 metres around Leeton and 6-monthly August SPI for Griffith.
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Figure 16: Correlation between average change in September piezometer levels
between 5 and 10 metres around Leeton and 6-monthly August SPI for Griffith.
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4.2. PIEZOMETRIC FLUCTUATIONS IN THE MURRAY IRRIGATION AREA
Wakool Region
· Fig-17 shows the shallow piezometric (0-15 m deep, 51 data points) changes with
winter SPI for Moulamein  (six monthly March to August SPI) and annual (12 monthly
July to August) for the 1996 to 1999 period in the Wakool region. The results indicate
that smaller and lower values of SPI value are related with the falling groundwater
levels during 1997 to 1998. However similar SPI’s during 1989 to 1992 period similar
groundwater level changes are associated with widely varying SPI values. The rising
watertables with low SPI values indicate groundwater changes caused by poor
management practices or groundwater discharge from other areas. This aspect
needs to be further confirmed through groundwater modelling studies.
· Fig-18 and 19 show that there is a very poor correlation (R2 =0.03) between the
winter rainfall SPI and shallow piezometric levels (2-5m and 5 to 10 m piezometric
levels) (24 and 22 continuous data points, respectively) changes in the Wakool area.
This indicates the complex nature of the groundwater (discharge zones) system and
management measures have greater impact than the climate.
Deniboota Region
· Fig-20 shows the shallow piezometric (0-15 m deep, 77 data points) changes with
winter SPI for Finely  (six monthly April to September SPI) and annual (12 monthly
October to September) for the 1996 to 1999 period in the Deniboota region. The
results indicate that smaller and lower values of SPI value are related with the falling
groundwater levels during 1991, 1992, 1997 and 1998. For other years the shallow
piezometric rise with increasing SPI, the greatest rise is in 1993 and 1994 for which
SPI values are highest in the record.
· Fig-21 and 22 show that 0-2 m and 2 to 5 m pressure level show better correlation
with 6 monthly winter rainfall SPI (R2 =0.28 and 0.45 respectively) than the deeper
pressure level (5 to 10 m, Fig-23) (R2 < 0.01). The better correlation for the shallow
piezometric levels show that watertables in Deniboota are effected by winter rainfall.
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Denimein Region
· Fig-24 shows the shallow piezometric (0-15 m deep, 38 data points) changes with
winter SPI for Finely  (six monthly March to August SPI) and annual (12 monthly July
to August) for the 1996 to 1999 period in the Denimein region. The results indicate
that smaller and lower values of SPI are related with the falling groundwater levels
during 1991, 1992, 1997 and 1998. For other years the shallow piezometric levels
rise with increasing SPI, the greatest rise is in 1993 and 1994 for which SPI values
are the highest in the record.
· Fig-25 shows very little correlation exists between the 2 to 5 m pressure level and 6
monthly winter rainfall SPI (R2 = 0.19). The deeper pressure level 5 to 10 m (Fig-26)
(R2 = 0.44) shows better correlation, however it is still relatively low. From the
available data Denimein piezometric levels have been observed fluctuating
independent of winter rainfall variability.
Berriquin Region
· Fig-27, shows the shallow piezometric (0-15 m deep,) changes with winter SPI for
Finely  (six monthly March to August SPI) and annual (12 monthly July to August) for
the 1996 to 1999 period in the Berriquin region. The results indicate that positive or
negative values of SPI generally coincide with a rise or fall in the piezometric levels,
respectively. However a change in the magnitude of the SPI value does not seem to
produce a corresponding change in the piezometric levels. For example 1989 and
1990 have positive SPI values, 1990 (0.9 to 0.1) is lower than 1989 (1.4 to 1.1)
however the increase in piezometric levels in 1990 is approximately 10cm more than
the 1989 change.
· Fig-28, 29 and 30 show regression analysis results for 0-2 m, 2-5 m, and 5-10m
piezometric levels and 6-monthly June SPI. All regressions show poor correlation
between to piezometric change and SPI
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Figure 17: Comparison of August SPI for Moulamein and average piezometric change
in Wakool.
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Figure 18: Correlation between average piezometric change in piezometers with a
starting level of 2-5m in Wakool and 6-monthly June SPI for  Moulamein
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Figure 19: Correlation between average piezometric change in piezometers with a
starting level of 5-10m in Wakool and 6-monthly June SPI for  Moulamein
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Figure 20: Comparison of August SPI for Deniliquin and average piezometric change
in Deniboota
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Figure 21: Correlation between average piezometric change in piezometers with a
starting level of 0-2m in Deniboota and 6-monthly June SPI for  Finley
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Figure 22: Correlation between average piezometric change in piezometers with a
starting level of 2-5m in Deniboota and 6-monthly June SPI for  Finley
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Figure 23: Correlation between average piezometric change in piezometers with a
starting level of 5-10m in Deniboota and 6-monthly June SPI for  Finley
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Figure 24: Comparison of August SPI for Deniliquin and average piezometric change
in Denimein
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Figure 25: Correlation between average piezometric change in piezometers with a
starting level of 2-5m in Denimein and 6-monthly June SPI for  Finley
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Figure 26: Correlation between average piezometric change in piezometers with a
starting level of 5-10m in Denimein and 6-monthly June SPI for  Finley
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Figure 27: Comparison of Average piezometric change in Berriquin and August SPI for
Finley
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Figure 28: Correlation between average piezometric change in piezometers with a
starting level of 0-2m in Berriquin and 6-monthly June SPI for  Finley
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Figure 29: Correlation between average piezometric change in piezometers with a
starting level of 2-5m in Berriquin and 6-monthly June SPI for  Finley
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Figure 30: Correlation between average piezometric change in piezometers with a
starting level of 5-10m in Berriquin and 6-monthly June SPI for  Finley
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4.3. PIEZOMETRIC FLUCTUATIONS IN THE COLEAMBALLY IRRIGATION
AREA (CIA)
Piezometric Response for the Entire CIA
Fig-31 shows the comparison of the annual piezometric change in the Shepparton
formation and August, 6 and 12 monthly SPI for the Coleambally Irrigation Area (CIA). In
general the piezometric level changes correspond quite well with climatic conditions with
piezometric pressure levels declining in lower rainfall winter years of 1991, 1992, 1994,
1997 and 1998. However 1995, 1996 and 1999 piezometric rises do not correspond with
relatively smaller SPI values (<0.1). The higher watertable rise for these years is also
explained by the excess usage figures shown in Table-4 (Tiwari, 1999).
Table 4: Excess Water Usage on Rice Crops (Source Tiwari, 1999)
Year Number of farms % area of all rice farms
1994/95 65 20
1995/96 28 9
1996/97 18 6
1997/98 37 11
Piezometric Response-SPI Correlation for the Four Sub Regions in the CIA
Further piezometric response and SPI comparisons are made by subdividing the
piezometric data in four sub-regions i.e. North, Centre, South and West CIA (Fig-32).
The following conclusions are drawn from the comparison of piezometric fluctuations
with the 6 and 12 monthly SPI values for four sub-regions in the CIA.
· The annual piezometric changes in the Northern CIA and (Fig-33) does not
correspond with the 6 and 12 monthly SPI values and the total CIA patterns. The
piezometric response in the Northern CIA is quite different to that of the entire CIA
e.g. years 1997 and 1998 and the overall range of fluctuation of piezometric levels is
quite large (error bars). This can be explained by the impact of heavy pumping from
the Northern Bore Block (Khan et al 2000).
· Figs- 34 and 35 show results of regression of 6 monthly August SPI with the 0-3 and
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5-10 m deep initial piezometric levels in the Northern CIA. There is a better
correlation between the SPI and 0-3 m (R2=0.47) depth of piezometric levels as
compared to that for 5-10 m deep piezometric levels (R2=0.27).
· The annual piezometric changes in the Central CIA and (Fig-36) correspond well
with the 6 and 12 monthly SPI values. The overall range of fluctuation of piezometric
levels is small (error bars).
· Figs- 37, 38 and 39 show results of regression of 6 monthly August SPI with the 0-2
m, 2-5 m and 5-10 m deep initial piezometric levels in the Central CIA. There is a
better correlation between the SPI and 0-2 m and 2-5 m (R2=0.36 and 0.26
respectively) depth of piezometric levels as compared to that for 5-10 m deep
piezometric levels (R2=0.07). This is explained by the fact that for deeper piezometric
levels the quantity of winter rainfall may not be enough to reach the watertable after
fulfilling the unsaturated storage.
· The annual piezometric changes in the Western CIA and (Fig-40) correspond well
with the 6 and 12 monthly SPI values except for 1994/95 which was a higher rice
water use year. The overall range of fluctuation of piezometric levels is small (error
bars).
· Figs- 41, 42 show results of regression of 6 monthly August SPI with the 0-2 m and
2-5 m deep initial piezometric levels in Western CIA. There is no clear correlation
between the SPI and 0-2 m and 2-5 m (R2=0.06 and 0.07 respectively) depth of
piezometric levels. This is caused by the anomalous years such as 1991, 1994 and
1999. There can be due reasons for the anomaly i.e. high rice water use for these
years or lateral groundwater flow from the Central CIA.
· The annual piezometric changes in the Southern CIA and (Fig-43) correspond well
with the 6 and 12 monthly SPI. Watertable decline in 1997 is greater than that in
1994 although winter SPI 1997 is greater than winter SPI for 1994 however, the
annual SPI for 1997 is smaller than that for 1994. This shows that both the annual
and winter SPI values are important to explain the climatic impact on watertables.
· Figs- 44, 45 show results of regression of 6 monthly August SPI with the 0-2 m and
2-5 m deep initial piezometric levels in the Southern CIA. There correlation between
the winter SPI and 2-5 m initial depth of piezometric levels (R2=0.6) is better than
that for 2-5 m (R2=0.2) initial depth of piezometric levels. This can be explained by
the fact that 0-2 m piezometric levels may show similar response for both the smaller
and larger SPI values as their response is effected by the most recent rainfall and
capillary upflow discharge.
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Figure 31: Comparison of average piezometric change and August SPI for the CIA
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Figure 32: Subdivision of the Coleambally Irrigation Area for detailed watertable
response analysis
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Figure 33: Comparison of average piezometric change and August SPI for the
Northern CIA
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Figure 34:Correlation between the average piezometric change for depths of 0-3 m and
6-monthly August SPI for the Northern CIA
42
y = 0.1128x - 0.0295
R2 = 0.2741
-0.80
-0.60
-0.40
-0.20
0.00
0.20
0.40
0.60
-2 -1.5 -1 -0.5 0 0.5 1 1.5
SPI
Figure 35:Correlation between the average piezometric change for starting depths of
5-10m in and 6-monthly August SPI for the Northern CIA
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Figure 36: Comparison of average piezometric change in Central Coleambally and
August SPI
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Figure 37:Correlation between the average piezometric change for starting depths of
0-2m in Central Coleambally and 6-monthly August SPI
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Figure 38: Correlation between the average piezometric change for starting depths of
2-5m in Central Coleambally and 6-monthly August SPI
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Figure 39: Correlation between the average piezometric change for starting depths of
5-10m in Central Coleambally and 6-monthly August SPI
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Figure 40: Comparison of average piezometric change in Western Coleambally and 6-
monthly August SPI
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Figure 41: Correlation between the average piezometric change for starting depths of
0-2m in Western Coleambally and 6-monthly August SPI
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Figure 42: Correlation between the average piezometric change for starting depths of
2-5m in Western Coleambally and 6-monthly August SPI
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Figure 43: Comparison of average piezometric change in Southern Coleambally and 6-
monthly August SPI for Coleambally
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Figure 44: Correlation between the average piezometric change for starting depths of
0-2m in Southern Coleambally and 6-monthly August SPI
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Figure 45: Correlation between the average piezometric change for starting depths of
2-5m in Southern Coleambally and 6-monthly August SPI
4.4 SUMMARY OF CORRELATION ANALYSES RESULTS FOR SPI AND
PIEZOMETRIC CHANGES
Summary of Results for the correlation and regression analysis of SPI and shallow
watertable fluctuations in irrigation areas.
Irrigation District R2 Regression Coefficient Intercept
MURRUMBIDGEE
Griffith (0-2m) 0.9126 0.4661 0.0148
Leeton (0-2m) 0.8298 0.4647 0.0315
COLEAMBALLY
North (0-3m) 0.476 0.4157 -0.0978
West (0-2m) 0.0556 0.0789 -0.0381
Central (0-2m) 0.3614 0.1874 -0.0225
South (0-2m) 0.2038 0.1359 -0.0042
MURRAY
Deniboota (0-2m) 0.2786 0.1665 0.0089
Denimein (2-5m) 0.1867 0.072 0.0182
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Wakool (2-5m) 0.0366 0.0223 0.0307
Berriquin (0-2m) 0.2659 0.1669 -0.0343
Regression analyses show that the most strongly correlated region is the MIA. The
regression coefficient for both Leeton and Griffith is approximately 0.5, indicating that for
every unit increase of SPI there is a half as much increase in the Watertable,. For
example, if SPI is 0.2 for August 1999 (6-monthly August) then the change in watertable
depth from September 1998 to 1999, will show an increase of approximately 0.1m. As
the watertable depth increments increase the regression coefficient decreases,
illustrating that the climatic impacts are greatest when watertables are shallow (less than
2m)
The Coleambally analysis shows some anomalies, firstly the area with the deepest
groundwater, Northern CIA, appears to have the best correlation and regression results
as compared to the other three regions. There are two feasible explanations for this
result. Rainfall could have a greater influence on the watertable because of different soil
characteristics that allow faster movement of the rainfall into the aquifers. This is
possible because Northern Coleambally is the area closest to the Murrumbidgee River,
and it also has been proved to have many prior stream structures running through it.
The other explanation is that because of the better aquifer connectivity Northern CIA is
greatly influenced by irrigation bores to the North West. If this is the case then in years of
higher SPI (more rainfall) less pumping will need to occur, therefore reducing the
gradient of flow between the aquifers, which may cause a rise in the watertables in the
north. Figure 46 shows the correlation between 12-Monthly SPI and 12 monthly
Pumping Volumes from June to July. This comparison shows that there is a strong
inverse correlation between the annual pumping volumes and changes in SPI
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Relasionship Between Groundwater Usage (July to June) and 12-Monthly SPI.
y = -22106x + 101882
R
2
 = 0.7071
0
20000
40000
60000
80000
100000
120000
140000
160000
-1.5 -1 -0.5 0 0.5 1 1.5 2
Coleambally SPI
12-monthly June Linear (12-monthly June)
Figure 46: Comparison of 12-monthly June SPI and Pumping Volumes for July to June
period from 1990 to 1995
4.5. AUTO CORRELATION ANALYSIS OF SPI AND PIEZOMETRIC
FLUCTUATIONS
In order to determine whether SPI time series moves together with the piezometric
fluctuations time series that is, whether large values of SPI are associated with large
fluctuations of piezometric data (positive correlation), or whether small values of one set
are associated with large values of the other (negative correlation), or whether values in
both sets are unrelated (correlation near zero). The correlation coefficient is given by the
formula:
YX
YX
YX
ss
r
),cov(
, =
Where  YX ,r  is the correlation coefficient of the variables X and Y (in our case SPI and
piezometric fluctuations)
Xs  and Ys are the standard deviations of variables X and Y. The correlation
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coefficients
For the four regions of the CIA the 6 and 12-monthly August SPI (Table-5) shows good
correlation with the piezometric fluctuations i.e. rising watertables correspond with the
rising SPI values and vice versa. The least correlated regions are northern and western
CIA. The lack of correlation in Northern CIA is thought to be due to the influence of
generally higher rice water use in the area and also the influence of deep pumping bores
to the north west of the area (Khan et.al. 2000).
Table 5: Overall Correlation of piezometric levels with August SPI in the CIA from 1990 to
1999.
Central West North South
3-monthly 0.429 0.230 0.372 0.678
6-monthly 0.628 0.310 0.590 0.461
12-monthly 0.660 0.109 0.597 0.087
24-monthly 0.318 -0.434 -0.003 0.277
The Four regions of the Murray Valley have piezometric changes that are highly
correlated to the 6, 12 and 24 monthly SPI values (table 6). The 3-monthly SPI shows
very low correlation with the piezometeric change. Of the four regions Wakool is the
least correlated overall, followed by Denimein. This lack of correlation can be attributed
in part, to the complex nature of the recharge and discharge systems within the Murray
Irrigation area. Lateral flow dynamics have a much greater influence on piezometric
fluctuations in the Murray region as compared to the MIA and CIA regions that show a
greater response to precipitation and irrigation variables.
Table 6: August SPI for Finley Correlation with Average Piezometric Change from 1985 to
1999.
Berriquin Denimein Deniboota Wakool
3-monthly 0.31 -0.09 0.06 -0.01
6-monthly 0.68 0.42 0.69 0.33
12-monthly 0.7 0.55 0.9 0.41
24-monthly 0.74 0.47 0.86 0.27
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Results of the correlation analysis for the MIA (table 7) show that both the Leeton and
Griffith piezometric levels are highly correlated to 6-monthly SPI.
Table 7: August SPI for Griffith and average change in September Piezometer Levels from
1995 to 1999
Leeton Griffith
3-monthly 0.6 0.67
6-monthly 0.93 0.96
12-monthly 0.75 0.82
24-monthly 0.6 0.8
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5. CONCLUSIONS
The following conclusions are drawn from the results of this study:
· In irrigation areas with shallow watertables the rainfall variability is a very
sensitive variable in the overall sustainability of the area. The minor fluctuations
in rainfall variability are best described by a continuous statistical index such as
Standard Precipitation Index as compared to discrete interval Decile and
Quartile methods.
· Rainfall analysis results indicate that winter rainfalls during the 1930’s, 50’s, 70’s
and 80’s had higher SPI’s indicating above average to very wet rainfall
conditions. Whereas the rainfall data for 1990s show below average to dry
rainfall conditions.
· Six monthly winter rainfall (August SPI) shows good correlation with the 2-5 m
deep piezometric levels and therefore should be used to assess climatic impact
on shallow watertables.
· The piezometric levels in the MIA and CIA show good correlation with the rainfall
variability. For some years higher piezometric level rise in the CIA is explained by
accompanied high rice water use.
· The piezometric levels in the Murray valley does not show good correlation with
the rainfall variability which may be due to several factors such as impact of
management practices, groundwater recharge and discharge zones etc. These
impacts need to be ascertained by detailed modelling.
6. RECOMMENDATIONS
The following recommendations are made on the basis of this studies conclusion:
· Comparisons of 2-5 m deep piezometric levels with the six monthly Standard
Precipitation Index should be adopted to assess the impact of rainfall variability on
shallow watertables for the environmental reporting in the irrigation areas. Any
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further lowering of watertables for similar six and twelve monthly SPI’s will be
because of improved management practices. Any additional rises can be potentially
because of failure of management practices.
· The wet and dry rainfall year sequences should be simulated in the groundwater
models to assess the effectiveness of management options during such climatic
conditions on a regional scale.
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Appendix 1: Quartile and Decile Rainfall Analysis Results for Coleambally,
Griffith and Finley.
Table A1.1 Annual (January to December) decile and quartile values for Coleambally
Coleambally Decile Values Coleambally Quartile
Values
0 (min) 142 0 142
1st 244 1 298
2nd 279 2 370
3rd 324 3 489
4th 351 4 776
5th (median) 370
6th 425
7th 464
8th 510
9th 593
10 max 776
Table A1.2 Annual (January to December) decile and quartile values for Griffith
Griffith Decile Values Griffith Quartile Values
0 143 0 143
1st 250 1 318
2nd 298 2 389
3rd 333 3 461
4th 355 4 700
5th (median) 389
6th 405
7th 451
8th 483
9th 559
10 (max) 700
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Table A1.2 Annual (January to December) decile and quartile values for Finely
Finley Decile Values Finley Quartile Values
0 (min) 159 0 159
1st 279 1 331
2nd 321 2 408
3rd 361 3 493
4th 385 4 894
5th (median) 408
6th 429
7th 473
8th 512
9th 576
10 (max) 894
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Appendix 2: Griffith Monthly Decile and Quartile Distributions
Table A2.1: Monthly Decile values for Griffith, from 1900 – 2000 rainfall records
Decile Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 0 0 0 0 0 0 0 0 0 0 0 0
10 3 0 1 2 5 11 8 11 8 8 2 3
20 5 2 6 7 12 17 13 14 13 14 7 7
30 10 5 8 12 15 21 20 21 16 21 11 11
40 14 10 16 17 23 27 26 31 20 27 16 18
50 19 17 23 20 29 33 30 36 26 33 22 23
60 25 25 32 31 36 40 35 40 34 41 29 34
70 39 34 44 37 41 47 40 45 43 52 32 40
80 48 43 61 45 57 57 48 56 49 66 43 50
90 72 62 90 70 85 68 61 61 63 86 60 62
100 160 148 201 184 119 135 95 75 106 120 128 138
Table A2.2: Monthly Quartile values for Griffith
Quartile Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0.05 2 0 0 0 4 7 6 4 5 4 0 1
0.25 5 3 7 10 15 20 16 19 14 19 11 10
0.5 19 17 23 20 29 33 30 36 26 33 22 23
0.75 45 39 55 40 47 51 45 49 46 58 37 45
0.95 97 97 99 89 94 80 74 66 84 97 68 73
Mean 31 27 35 31 36 38 33 35 32 41 27 30
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Table A2.3: 24-monthly Deciles for Griffith.
Deciles mm/24-months mm/year
1 603 302
2 644 322
3 681 341
4 741 370
5 772 386
6 830 415
7 868 434
8 911 455
9 994 497
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Appendix 3: Twelve Monthly SPI values
12 Monthly September SPI Values for Griffith from 1900-1999
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Figure A3.1: 12 Monthly September SPI for Griffith
12 Monthly September SPI Values For Finley from 1900-1999
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Figure A3.2: 12 Monthly September SPI for Finley
Coleambally Rainfall Analysis of 12 Monthly SPI Values for September 1920-1999
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Figure A3.3: 12 Monthly September SPI for Coleambally
